Abstract
Introduction
As per the Taittiriya Upanishad, the human existence is a 5-layered body, namely Panchakosa consisting of Annamaya, Pranamaya, Manomaya, Vijnanamaya, and Anandamaya Kosas and the pathogenesis of psychosomatic diseases such as diabetes, hypertension, asthma, etc. can be well understood with the help of the Panchakosa model [1] . The integrated approach of yoga therapy (IAYT) developed by S-VYASA is a holistic approach to treat the diseases at all the layers of human existence and the studies based on IAYT have shown significant results in improving the overall status of health, which emphasizes the importance of holistic treatment rather than focused treatment [2] [3] [4] [5] [6] [7] [8] . The IAYT program includes therapies based on yoga, Ayurveda and naturopathy.
Arterial stiffness measured using the pulse wave velocity is considered as a potential indicator for cardiovascular risks and has gained significant clinical and research importance in the recent past [9] . The standard techniques used for measuring arterial stiffness are carotid-femoral pulse wave velocity, brachial-ankle pulse wave velocity, and photoplethysmography (PPG). Arterial stiffness measured using the carotid-femoral pulse wave velocity technique is considered as the gold standard [10] and as per this technique, it is measured as the ratio of the distance between two arteries (carotid and femoral) to the time taken for the pulse to travel from the carotid to the femoral artery. The other technique, i.e., brachial-ankle pulse wave velocity, is similar to carotid-femoral pulse wave velocity except for the pulse location and the clinical utility of arterial stiffness measured at the brachial artery has shown significant results in identifying cardiovascular risks [11] . PPG is a noninvasive technique which measures the changes in blood volume and the digital volume pulse (DVP) acquired using PPG has gained significant clinical importance in measuring oxygen saturation and blood pressure among others [12] . The DVP consists of systolic and diastolic peaks due to forward and reflected waves. The time interval between systolic and diastolic peaks depends on the stiffness of the arteries and height of the person. The ratio of the height of the person to the time interval between systolic and diastolic peaks is termed stiffness index (SI) which represents the arterial stiffness. The ratio of the diastolic peak amplitude to the systolic peak amplitude is termed reflection index (RI) which represents the endothelial function [13] . The effect of yoga on arterial stiffness has been studied by Patil et al. [14] and in their study they have reported that the yoga program reduced the arterial stiffness levels compared to brisk walk. Arterial stiffness has shown a close association with weight change such that weight gain leads to arterial stiffness progression and weight loss to arterial stiffness regression [15] .
The effect of integrated yoga on changes in arterial stiffness is not yet established. As IAYT has shown significant results, we wanted to investigate the effect of a 1-week IAYT program on arterial stiffness measured from radial artery across young and older adults with obesity. The radial artery has been identified for measuring arterial stiffness as the pulse wave acquired from the radial artery is related to DVP acquired using PPG by a transfer function [16] and in another study arterial stiffness measured at the radial artery has shown a significant association with arterial stiffness measured using PPG [17] . We have identified Nadi Tarangini , a simple, convenient and noninvasive pulse acquisition system converting pulse pressure to electrical signal, for this study as it also measures pulse pressure using pressure sensors. The reproducibility, accuracy and precision of the instrument has been studied and the results were found to be consistent across multiple recordings at different times [18] . The studies on pulse rate variability [19] , beat-to-beat alterations [20] , and spectral analysis [21] using Nadi Tarangini have shown significant results.
Materials and Methods

Participants
A total of 18 participants (4 males and 14 females) from the Arogyadhama center (a residential center of S-VYASA) were included in the study. The participants have joined the Arogyadhama center to undergo a 1-week integrated yoga therapy. As the aim of the study was to investigate the effect of integrated yoga on arterial stiffness across young and old adults with obesity, participants were divided into three groups based on their age and body mass index (BMI). The participants with a BMI <25 were considered as normal, those with a BMI in the range of 25-30 were considered as overweight and those with a BMI ≥ 30 were considered as obese. We included both overweight and obese participants in the obesity group. The participants with a BMI <25 were included in group 1, participants in the age range of 12-50 years with a BMI ≥ 25 were included in group 2, and participants above 50 years with a BMI ≥ 25 were included in group 3. The participants in group 1 were nonobese, the participants in group 2 were young adults with obesity, and the participants in group 3 were older adults with obesity. The participants in groups 1 and 3 had osteoarthritis as comorbidity. The medical history of the participants was examined by a residential doctor at the Arogyadhama center. The demographic details of the participants are provided in Table 1 . Height, weight, blood pressure, and pulse rate were measured at the beginning and end of the yoga program. Blood pressure was measured using a standard mercury sphygmomanometer and pulse rate was measured manually by placing the fingers on the wrist. The BMI was computed as the ratio of weight to the square of height.
Inclusion Criteria
The participants who were not suffering from any severe cardiovascular diseases and who were not taking any medicines for cardiovascular diseases were included in the study.
Exclusion Criteria
We have excluded the participants who were suffering from cardiovascular diseases and who were not willing to be part of the study.
Ethics Consideration
The study was approved by the Institutional Ethics Committee. After having explained the aim of the study to the participants, we obtained informed consent from all them. Data were represented as mean ± standard deviation. Group 1, nonobese participants; group 2, younger adults with obesity; group 3, older participants with obesity. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate; n, number of participants.
Intervention A 1-week IAYT program was given as an intervention for the study. The program starts in the morning at 6 a.m. and ends at 7 p.m. The IAYT program includes kriyas , loosening exercises, asanas , pranayama , meditation, advanced yoga techniques, bhajans, and lectures on yoga philosophy. The yoga practices were rigorous for participants in group 2 when compared to the participants in groups 1 and 3 who had osteoarthritis as comorbidity. The details of yoga practices for all three groups are explained in Table 2 . Kriyas were done once a week and the other yoga practices were done every day. There were two sessions of loosening exercises and asanas at 6 a.m. and 4 p.m. for a 1-h duration. Pranayama was done for 1 h at 10 a.m. Meditation and advanced yoga techniques were done for 1 h at 3 p.m. and there were lectures on yoga philosophy for 1 h at 12 p.m. and bhajans for 1 h at 6 p.m. Apart from yoga practices, the IAYT program includes other therapies based on the concepts of Ayurveda and naturopathy consisting of valuka sveda , patrapinda sveda , shiro abhyangan , mustard pack, steam bath, sauna bath, mud bath, neutral underwater bath, hot hip bath, and circular jet bath. The participants were given 3 days of Ayurvedic therapies followed by 3 days of naturopathic therapies and the type of therapy was chosen by the doctor based on the medical condition of the participants. Pulse Measurement Nadi Tarangini was used for collecting pulse data which has three linearly placed pressure transducers, a 16-bit multifunction data acquisition card NI USB-6210 (National Instruments, Austin, TX, USA) and LABVIEW, a data acquisition software. The pressure transducers of Nadi Tarangini convert pulse pressure to electrical signal, which is digitized by an analog-to-digital converter and the pulse data in the digital form will be stored on a personal computer. The pulse data acquired by Nadi Tarangini is a time series waveform representing pulse pressure. The pulse data were sampled at 425 Hz. The three pressure sensors of the instrument measure the pulse at three dosha locations as defined by Ayurveda, namely vata , pitta and kapha . The pulse data were collected for 1 min by placing the sensors on the wrist. Initially, the pulse was sensed with fingers to identify the exact pulse locations and then the sensors were placed by closely aligning it with the sensed locations. The pulse was taken from the left hand for females and from the right hand for males. The pulse data consist of time and amplitudes of the pulse. As the pulse data get corrupted due to the noise induced by electrical and electronic sources, they were cleaned up using wavelet transformation. The pulse data were collected from the participants at the beginning of the IAYT and later at the end of the IAYT.
Pulse Parameters
The pulse data acquired by Nadi Tarangini were a continuous wave and Figure 1 corresponds to a single pulse wave isolated from the stream of pulse waves. We analyzed the stream of pulse waves by looking at the waveforms and for each individual we identified one pulse wave which has clear systolic and diastolic peaks. The pulse wave travels faster in stiff arteries compared to normal arteries and as a result the SI, which is a measure of arterial stiffness, increases with stiffness of arteries. The diastolic peak P4 at T4 corresponds to the reflected wave and systolic peak P1 at T1 corresponds to the forward wave.
The stiffness indices are computed as follows: • SI = height of the person / (T4 -T1) • RI = diastolic peak / systolic peak (P4/P1).
Statistical Analysis
The data were analyzed using SPSS Statistics Version 10. They were presented as mean ± standard deviation. The pulse data were assessed for normality using the Kolmogorov- Pulse wave acquired using Nadi Tarangini , representing various peaks and time periods of the pulse. P1, pulse amplitude at the systolic peak; P2, pulse amplitude at the inflection point; P3, pulse amplitude at the dicrotic notch; P4, pulse amplitude at the diastolic peak. Time periods T1, T2, T3, and T4 are measured from the start of the systolic phase. T1, time period at the systolic peak; T2, time period at the inflection point; T3, time period at the dicrotic notch; T4, time period at the diastolic peak.
Smirnov test and the stiffness parameters SI and RI were found to be normal. The mean values of stiffness parameters (SI and RI) from pre-and post-IAYT were analyzed using the pairedsamples t test in all three groups. The Pearson correlation coefficient was used to study the relationship between stiffness indices measured from pulse data and those measured from age and BMI. A two-tailed p value <0.05 is considered statistically significant for all comparisons and the data were reported to three significant figures.
Results and Discussion
The mean values of SI and RI for pre-and post-IAYT are shown in Table 3 . The obesity group had shown significant reduction in SI ( p < 0.05) after IAYT, whereas there were no significant changes in the other groups. The RI was increased in all the groups but the change in the arthritis with obesity group was significant. In all the groups, the BMI was reduced after IAYT and the reduction in the arthritis with obesity group was significant. The correlations between stiffness indices (SI and RI) and age and BMI are summarized in Table 4 . The SI and RI did not significantly correlate with age and BMI.
We studied the effect of IAYT on arterial stiffness measured at the radial artery using Nadi Tarangini . The pulse data with clear systolic and diastolic peaks were considered for the study. We analyzed the pulse data for proper systolic and diastolic peaks and observed that the pulse data at vata locations were having proper peaks for all the participants but the Data were represented as mean ± standard deviation. Group 1, nonobese participants; group 2, younger adults with obesity; group 3, older participants with obesity. SI, stiffness index; RI, reflection index; IAYT, integrated approach to yoga therapy; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate. * p value comparing pre and post IAYT data, significance at 0.05. Table 3 . Summary of pairedsamples t test peaks were not proper at the pitta and kapha locations for many of the participants. This might be because the pulse had not been acquired properly at pitta and kapha locations as it would have been weak due to the deeply embedded artery at these locations. Secondly the sensors were equidistant and linearly placed and hence the sensors would not have been aligned precisely at the pulse locations on the wrist at these two locations. We considered pulse data at vata locations for our study; the pulse data corresponding to pitta and kapha were not included in the study as they were not having proper systolic and diastolic peaks.
In our pilot study, we observed that there was a significant reduction in arterial stiffness (SI) in young adults with obesity but the changes in older adults with obesity and nonobese adults were not significant after giving an intervention of IAYT for 1 week. Wildman et al. [22] in their study reported that the excess body weight is associated with aortic stiffness and in another study the authors have reported that weight change is associated with change in arterial stiffness [15] . In older adults and nonobese participants, there was a significant reduction in BMI but we did not see a significant reduction in SI and this could be because the average age of the group was above 50 years. The studies have shown that arterial stiffness increases with age [13] and hence for older adults with obesity the arterial stiffness increases with age as well as BMI, whereas in younger adults only obesity can be the cause of increase in arterial stiffness. In our study, results have shown that 1 week of IAYT program reduced the BMI of obese participants across young and older adults but a similar reduction in SI was observed only in young adults and not in older adults. We suggest that a 1-week duration may not have been sufficient for older adults to see significant changes in SI; secondly, older adults had osteoarthritis as a comorbidity and hence there is a need to study change in SI with IAYT by considering only obesity without any other complications. There was no significant change in RI after 1 week of IAYT in all the three groups, which needs further investigation.
In another study, Patil et al. [14] reported that the yoga program reduced the arterial stiffness levels when compared to brisk walk. In their study, arterial stiffness was assessed from pulse wave velocity measured using the carotid-femoral and brachial ankle technique, whereas in our study we assessed arterial stiffness at the radial artery. To our knowledge, this is the first time, the effect of integrated yoga therapy on arterial stiffness measured at the radial artery has been assessed. We have identified IAYT as an intervention for our study as previous studies with IAYT had shown significant improvements in the overall health of the patients [7, 8] . The pilot study reported initial evidence of reduced arterial stiffness along with reduced BMI in young adults with obesity after 1 week of IAYT intervention. This needs to be further investigated with a larger sample size and with a control group in place. In the present study, arterial stiffness was measured at the radial artery and we observed that 1 week of IAYT intervention reduced arterial stiffness in young adults with obesity compared to older adults and participants with normal weight. The pulse acquisition from the radial artery is simple and convenient compared to other techniques based on the carotidfemoral and brachial artery. Moreover, the pulse acquisition from the radial artery becomes much simpler and more sophisticated in the future as the semiconductor and sensor technologies are advancing further and coming up with precise sensors which can be mounted on the wrist with much more ease. Hence, there is a need to do in-depth studies in the future and establish the arterial stiffness measurements from the radial artery.
There were some limitations in our study. The focus of the pilot study was to investigate the effect of IAYT on arterial stiffness measured at the radial artery. As there were no prior studies in the literature, we have selected a relatively small sample size for our study. As the results were promising, we think that extensive studies with larger sample sizes would help in establishing the effect of integrated yoga on arterial stiffness. The second limitation was that IAYT was conducted for only 1 week and there is a need to study the changes in arterial stiffness by increasing the duration of IAYT. Another limitation of our study was that the yoga practices, diet, Ayurveda, and naturopathy treatments were not the same across the groups. As the pilot study reported a significant effect of IAYT on arterial stiffness, especially in younger adults, the future investigations should focus on studying the effect by giving the same yoga practices, diet, and treatments across the groups. The association of arterial stiffness with diabetes is well established [23] and hence there is a need to study the effect of yoga in general and IAYT in specific in mitigating the diabetic complications and improving the overall health of the patients with diabetes. However, in the current study, no control group was included and in the future, studies should include a control group to strengthen the study.
In conclusion, a 1-week IAYT intervention has significantly reduced arterial stiffness in young adults with obesity when compared to older adults. Arterial stiffness is considered as one of the potential cardiovascular risk factors and with a significant reduction in arterial stiffness we can say that a 1-week IAYT program can be suggested as an effective program to control the cardiovascular risk. In older adults, arterial stiffness also increases with age and hence it may take longer to see a similar effect. Therefore, the effect of IAYT on arterial stiffness needs to be studied with an extended duration of yoga therapy for older adults.
